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Resume 

This stu<3y is a comparison of the response to Einstein* s theory 
of relativity in four countries between the years 1905 and 19U* The 
countries studied were Germany, Prance, England and the United States. 
This accounts for over 99$ of the literature on the subject during those 
years. The major hypothesis of the study is that such a comparison will 
reveal national scientific styles which can in part be characterized by 

certain typical responses to any scientific innovation. 

% 

That there were gross national differences in the response to the 

Theory of Relativity there can be no question. In the United States 

the theory was at first ignored and then rejected as being contrary to 

common sense and impractical. It was only made acceptable to the 
« 

scientific community after that community had become convinced that 
the entire theory, from postulates to conclusions was demonstrable by 
experiment. In England, the theory received scant attention at first 
and then was almost uniformly rejected as not being consistent with what 
the English believed they knew about the characteristics of electro- 
magnetic radiation. It was not acceptable until it was translatable 
into a form which made it compatible with a luminiferous ether. In 
France, there was no response to Einstein* s theory. As we will develop 
later, for a variety of reasons, Henri Poincare / chose to ignore the 
theory. As Poincare ^went, so went France. Only in Germany does one 
find the kind of dispute, articulation and dialogue that one would 
expect to find with the advent of innovation. No doubt this is in 
part due to the fact that Einstein himself was German, but it cannot 
explain all of the differences. Others knew of the theory but only 



in Germany was there a characteristic exhibited which I now consider 
to he a crucial variable for the development of understanding of a 
scientific theory — elaboration. It was only in Germany that Einstein's 
theory was not only examined and discussed on its own merits, but was 
elaborated on: extended and modified in the light of recognized short- 
comings . 

Among the many factors that might affect such response, the study 
focusses on the effects of the structure- of the educational system in 
each of the countries. In England, as we will show, almost all mathe- 
matical physicists trained at Cambridge in a particularly uniform 
rigorous pattern, in France the education of scientists was ultimately 
in the control of the Academie des Sciences , and Henri Poincare was 
the most influential personage in that organization. In the United 
States, the education of scientists was in its most rudimentary and 
pragmatic form, there being at the time only two or three recognized 
graduate centers: Harvard, John Hopkins, and Yale. One recalls that 

the great Willard Gibbs could not get a job at Yale in the sciences, 
but was hired to teach Classics. Only in Germany was there a multivarious 
educational system: Great centers of learning vying for great men, 

students traveling between institutions exposed to widely differing 
viewpoints, and active and public confrontation and competition within 
the structure of the educational system; only in Germany was their 
Wissenschaft an ethos which dictated not only that the results of 
research be worthwhile, but which put a premium on the proper conduct 
for obtaining those results. 
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The Effects of National Scientific Style on the Understanding 

of Scientific Innovation: Special Relativity, A Case History 



I. Introduction 



At the end of the nineteenth century, J.T. Merz produced a monumental 

document— -A History of European Thought in the Nineteenth Century The 

work is monumental on several counts— first for the breadth and depth of 

the undertaking— there seemed to be nothing outside of Merz’s ken, and 

second for the clearness with which Merz saw the century just past, a cen- 

tury in which he himself had lived, had been trained, and had plied his trade 

of intellectual history. That a contemporary could see such a large part of 

the shape of the forest in the midst of all the trees is itself remarkable. 

Of course Merz must have realized the difficulty of writing about the recent 

past, especially a past which he himself had helped build. One of his theses 

and one which reflects something of Merz's own intellectual characteristics, 

was that there was .a Scientific Spirit in Europe and that this scientific 

spirit which had begun in France, had spread to Germany and thence across the 

channel to England was now solidified and unified: 

A hundred years — even fifty years — ago, it would have been 
impossible to speak of European Thought in the manner in 
which I do now. For the seventeenth and eighteenth centuries 
mark the period in which there grew up first the separate 
literature and then the separate thought of the different 
countries of Western Europe. Thus it was that in the last 



1. J.T. Merz, A History of European Thought in the Nineteenth Century (4 vol.; 
Chicago: William Blackwood and Sons, 1904-12) This book has recently been 

reprinted by Dover Publications, 1965. 



century and at the beginning of this, people could make 
journeys of exploration in the regions of thought from 
one country to another, bringing home with them new and 
fresh ideas . . • • 

• • • • In the course of our century Science at least has 
become international; isolated and secluded centres of 
thought have become more and more rare. Intercourse, 
periodicals, and learned societies with their meetings 
and reports, proclaim to the whole world the minutest 
discoveries and the most recent developments. National 
peculiarities still exist, but are mainly to be sought 
in the remoter and more hidden recesses of thought, sug- 
gest, rather than clearly express a struggling but unde- 
fined idea ... .We can speak now of European thought, 
when at one time we should have had to distinguish be- 
tween French, German and English thought. 2 

It was this point of view, as expressed by Merz, which can be cited as 
motivating the present study. When I first read Merz's book, I was skeptical 
that one could in fact, identify such a scientific spirit exhibiting the kind 
of uniformity that Merz implied. Nor did I think that one would have to search 
out the "remoter and more hidden recesses of thought" to find significant dif- 
ferences. This skepticism was based on the belief that national differences 
persist, despite communication and that these national differences are more 
than a matter of the difficulty of language translation. They arise as part 
of the metaphysical baggage acquired by every mother's son, by every teacher s 
student. Coupled with my interest in the history of the Theory of Relativity 
and the problems of communicating to students other than scientists the in- 
ner vitality and creative tensions that grow out of differences between scien- 
tists, the study almost outlined itself; National differences in the response 
to Einstein's Theory of Relativity. The countries chosen were France, Germany, 



England, and the United States. The first three of these are those treated 
by Merz. The period of time chosen was the years 1905 to 1911. During that 
period, over 99% of the literature on Einstein* s theory emanated from the 
four countries 3 and in the year 1911, with the first Solvay Conference, the 
thoughts of many of the contributors to the theory of relativity turned to 
matters of quantum mechanics •" While not fully accepted, the formulas, if not 
the spirit of relativity was recognized as being necessary. 

Hopefully, such a study might also shed some light on the relationship 
between the development of intellectual understanding on the part of a cul- 
ture and the teaching of the samfe understanding. For it is clear that one 
can only teach (and for that matter learn) within the limits proscribed by 
understanding and that understanding, is limited by, among other things, con- 
ditions peculiarly local, including perhaps, chauvinistic loyalties (e.g. the 
English reification of Newton) and localized educational modes. In effect 
this would lead to re-inforcing pattern in which the educational establishment 
created the framework of understanding and that understanding in turn propa- 
gated the educational establishment. 

That there were gross national differences in the response to the Theory 
of Relativity there can be no question. In the United States the theory was 
at first ignored and then rejected as being contrary to common sense and im- 
practical. It was only made acceptable to the scientific community after 
that community had become convinced that the entire theory, from postulates to 

3. M. Lecat, Bibliographic de la relativite (Bruxelles: Maurice Lamertin, 1924), 

pp. 201-202 
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conclusions was demonstrable by experiment. In England, the theory received 
scant attention at first and then was almost uniformly rejected as not being 
consistent with what the English believed they knew about the characteristics 
of electromagnetic radiation. It was not acceptable until it was translatable 
into a form which made it compatible with a luminiferous ether. In France, 
there was no response to Einstein's theory. As we will develop later, for a 
variety of reasons, Henri Poincare chose to ignore the theory. As Poincare 
vent, so went France. Only in Germany does one find the kind of dispute, ar- 
ticulation and dialogue that one would expect to find with the advent of inno- 
vation. No doubt this is in part due to the fact that Einstein himself was 

t 

German, but it cannot explain all of the differences. Others knew of the 
theory but only in Germany was there a characteristic exhibited which I now 
consider to be a crucial variable for the development of understanding of a 
scientific theory— elaboration. It was only in Germany that Einstein's theory 
was not only examined and discussed on its own merits, but was elaborated on: 
extended and modified in the light of recognized shortcomings. 

As the investigation of the response to Einstein's theory progressed, 
it became increasingly clear that there was one variable between countries 
which seemed to be crucial and which by itself although not sufficient, did 
help provide a context in which to understand the patterns of differing re- 
sponses between countries. The variable in question was the structure of the 
educational system. In England, as we will show, almost all mathematical phy- 
sicists trained at Cambridge in a particularly uniform rigorous pattern, in 
France the education of scientists was ultimately in the control of the Academie 
des Sciences, and Henri Poincare was the most influential personage in that 
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organisation. In the United Staten, the education of scientists was In Its 

most rudimentary and pragmatic form, there being at the time only two or 

0 

three recognized graduate centers: Harvard, Johns Hopkins, and Tale. One 

recalls that the great Willard Gibbs, could not get a Job at Tale in the sciences, 
but was hired to teach Classics. Only in Germany was there a multivarious edu- 
cational system: great centers of learning vying for great men, students tra- 

veling between institutions exposed to widely differing viewpoints, and active 
and public confrontation and competition within the structure of the educational 

system; only in Germany was their Wlssenschaft^ an ethos which dictated not only 

* 

that the results of research be worthwhile, but which put a premium on the pro- 
per conduct for obtaining those results. 

While it would be a mistake to make a causal connection between the re- 
sponses to Einstein '8 theory and the structure of the University systems, the 
elucidations of each of these factors helps to shed light on the other. No 
doubt, to some extent, the responses to scientific innovation and the parti- 
cular structures of the University systems were both shaped by common fac- 
tors. While we will not dwell on that question here, It is because of the ex- 
cellence of sholarshlp by men like Merz that we can feel confident that an- 
swers will be forthcoming. 

The study is divided into five sections. The first section deals with 
two major theoretical schemes, by Loren tz and by Abraham, which were proposed 
prior to the introduction of Einstein's theory to explain the same range of 
phenomena. These two theories are singled out because it was against these 



4. Of. Merz, loc . ci t . > pp. 202 ff. 
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theories that the theory of relativity was most often compared. Following the 
survey of the Lorentz and Abraham theories, the response in each of the coun- 
tries is examined beginning with Germany and then in turn, France, England 
and the United States. The significance of this order is only that it allowed 
for the most natural and convenient development of the ideas under consideration. 

***** 

I would like to take this opportunity to thank the many people who have 
aided and supported me during the course of this enterprise • I am especially 
grateful to Professor Vernon Cannon (Antioch College) , Professor Leonard Nash 
(Harvard University), the late Professor G.E. Owen (Antioch College) and Pro- 
fessor Gerald Holton (Harvard University) • In one way or another , each of 
these men seriously modified and shaped by own development at crucial points 
in my life. I am particularly indebted to Professor Holton who was gracious 
enough to open to me a significant part of his own work. Without his encourage- 
ment, his aid and support this study would never have come to fruition. 

Financial assistance for the prosecution of this research came from several 
sources. I thank the Office of Education and Antioch College, both of whom 
provided financial support at different stages of the work. 

Finally, like many of those who came before me, I pay homage to my wife 
and my family who have borne the brunt of the human burden that is a necessary 
part of the scholarly undertaking. They have been magnificent. 




ix 












II, Theories Prior to Einstein’s Special Theory of Relativity 

* 

The work of Einstein in the area of the Special Theory of Relativity has, 
on the one hand, been closely linked with that of H.A. Lorentz, and on the 
other hand, been constrasted sharply with the work of Max Abraham# A brief 
analysis of both of these theories will facilitate later discussion. 

A. The Lorentz Theory Applied to Systemsin Motion with Respect to Each Other 
H.A# Lorentz was a great man. Almost without exception, his peers and 
colleagues have referred to him as one of the greatest physicists of the latter 
quarter of the nineteenth century and the first quarter of the twentieth century. 



5. H.A. Lorentz (1853-1928) spent most of his active years as Professor of Theo- 
retical Physics at the University of Leiden in a chair specifically created for 
him# (G.L. de Haas-Lorentz, "Reminiscences," in G.L. de Haas-Lorentz(ed) , H.A. 
Lorentz: Impressions of his Life and Work (Amsterdam: North-Holland Publishing 

Co., 1957), p. 34.) 

Of the many accolades bestowed on Lorentz, only a few can be mentioned here. 
According to A.D. Fokker, "When we review Lorentz’ opera in toto , it becomes 
clear that he took over the nineteenth century, scientifically speaking into the 
twentieth /centur^T .... No one could have advanced classical theory farther 
than he did. ... He drew from it the utmost consequences. (A.D. Fokker, "The 
Scientific Work," in Ibid. , p. 78.) 

In his eulogy to Lorentz, Max Born referred to him as ". . . Der FHher und 
ReprHsentanten in einem Abschnitt der Physik, den wir heute als die klassische 
Periode unserer Wissenschaft der neuen, im Jahre 1900 anhebenden revolutionHren 
Enwicklung gegentlberstellen" (M. Born, GBttingen Nachrichten, Geschafliche 
Mitteilungen, 1928/29, pp. 69-73, p. 69. ". . . the leader and representative 

of a period of physics that we constrast today as the classical period of our 
discipline to the newly raised, revolutionary developments of 1900.") 

Einstein himself wrote: "At the turn of the century, H.A. Lorentz was re- 

garded by theoretical physicists of all nations as the leading spirit; and this 
with the fullest justification. No longer, however do physicists of the younger 
generation fullyrealize, as a rule, the determinant part which H.A. Lorentz 
played in the formation of the basic principles of theoretical physics. The 
reason for this curious fact is that they have absorbed Lorentz* fundamental 
ideas so completely that they are hardly able to realize the full boldness of 
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Almost from the start of his professional career, Lorentz began on a pro- 
gram of bringing unity to the structure of physics. In this effort, he attempted 
to unite the ideas of Fresnel 6 on the interaction of ether and matter with Max- 
well's description of electromagnetic phenomena and the "atomic" view of elec— 
tricity of Weber and Clausslus. According to Born, Lorentz ' doctoral thesis 
decisively decided the dispute over the nature of the ether by showing that it 
was impossible to suppress the longitudinal wave that was created in any model 

these ideas and the simplification which they brought into the foundations of 
the science of physics ."(Albert Einstein in de Haas— Lorentz , loc cit P • 5.) 

Lorentz shared the Nobel Prize for 1902 with his student Zeeman. He was a 
member of many scientific societies including the Royal Society which bestowed 
many honors on him during his lifetime. These included the Rumford medal (1908), 
and the Copley medal (1918). 

Lorentz* work was not confined to the physics to be described in the text. 
Besides his work on the electron theory which he applied to phenomena in moving 
bodies, he used the theory to explain conduction in metals, heat flow, reflec- 
tion, refraction, and other optical and physical phenomena. (Cf. , Lorentz, Theory 
of Electrons (Leiden, 1909, revised edition, 1915; repr Dover, 1952.) He worked 
on the fundamental aspects of the kinetic theory of gasses. Among his other 
accomplishments were the overseeing of the construction of the Zuiderzee dam. 

(J. Th. Thizsse, "Enclosure of the Zuiderzee", in de Haas-Lorentz, loc . cit* , 
pp. 129-44.) The extent to which Lorentz was viewed as a national hero in the 
Netherlands may be guaged from the fact that the Dutch national telegraph ser- 
vice suspended operation for three minutes at noon in honor of Lorentz on the 
day of his funeral. (de Haas-Lorentz, in Ibid . , p. 150 f.) 

6. It should be pointed out that of all of his predecessors, Lorentz revered 
most the work of Fresnel. Cf. de Haas-Lorentz, loc cit. , p. 32. 

7. H.A. Lorentz, La theorie electromagnetique de Maxwell et son application 
aux corps mouvants . (Leiden, 1892), p. 71. 

8. Born, loc. cit., p. 69. Lorentz' thesis was printed in Zs ftlr Math, u 
Phys 22: 1,205, 1875. 
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of the ether that was an elastic solid. Henceforth Lorentz was to argue for 

an electromagnetic ether whose properties were defined solely by the equations 

9 

used to define it. 

* • 

Three years later, in 1878, Lorentz published a work on dispersion in which 

he made a radical departure from his predecessors.^ Lorentz assumed that the 
ether was the same in and out of matter, ether was not affected by matter; the 
ether was absolutely fixed. These two assumptions, that the ether remains un- 
affected by matter and that the ether does not partake in the motion of matter^ 
were two of the foundations of Lorentz* theory of electrons which was developed 
in a series of publications beginning in 1892. Our interest in the theory will 

be restricted to those aspects which pertain to the electrodynamics of moving 
12 

bodies • 



9. Ibid. For a review of various elastic models of the ether, see E.T. Whittaker, 

A History of the Theories of Aether and Electricity (Thomas Nelson and Sons Ltd, 
1910; revised and enlarged edition, New York: Harper Torch books, 1951.) 
References are to the 1951 edition. Cf. H.A. Lorentz, Lectures on Theoretical 
Physics , tr. L. Silberstein and P.H.Trivelli, (3 Vol.; London: Macmillan and 

Co., 1927) Vol. I, "Aether Theories and Aether Models," pp. 3-74. 

10. Cf. Born, loc eft . . p. 70. 

11* It is worth noting that the assumption of an absolutely fixed ether was first 
made by Fresnel. 



12. In particular we will examine the following publications: 

Lorentz, La Theorie electromagnetique de Maxwell . . . . 

Lorentz,. Versuch Einer Theorie der Electrischen und Optischen Erscheinuneen 
in Bewegton KBrem (Leiden, 1895; second unaltered edition, Leipzig, 1906) 
Lorentz, "Electromagnetic Phenomena in a System Moving with any Velocity less 
than that of Light", Proc. Acad. Sci. Amsterdam 6 : 809, 1904. The article has 
been reprinted in A. Einstein et al. The Principle of Relativit y (New York: 

Dover Publications Inc., n.d.) pp. 9-34. All references to this paper will be 
to the Dover edition. For other aspects of the Lorentz Theory of Electrons, see 
Lorentz, Theory of Electrons ; Whit taker, loc. cit. Chapter 13, "Classical * 

Theory in the. Age of Lorentz". 




Lorentz began in 1892 Investigation by making a sharp distinction between 

ether and matter, though unlike his British counterparts, he did not specify 

1 

the nature of the ether. 

Je nommerai matiere topt ce qui peut etre le sie^e des courapts 
ou deplacements de l'ectricite ^et des mouvement electromagnetiques • 

Ce nom sera done applique a 1' ether tout aussi bien qu 'a a matiere 
ponderable. 14 

In keeping with his attitude toward the ether and his desire to combine parti- 
cular notions of electricity with Maxwell's description of electromagnetic 
phenomena, Lorentz proposed that all such phenomena could be understood in 
terms of the interactions of fundamental electrical particles (electrons) which 
made up material, and the ether • ^ Among other assumptions, Lorentz held that 
the ether permeates these particles, and that the particles were perfectly 
rigid spheres which could only translate or rotate.^ 

Lorentz now applied these fundamental considerations together with Max- 
well's equations to various electrical phenomena including the propagation of 
light in moving media. His ultimate goal was the derivation of the Fresnel 
dragging coefficient for moving media. That is if the medium had a velocity 

v relative to some observer, then the velocity of light in the medium would be 

% 

altered in the direction of motion by the factor 

v(l-l/n 2 ) 



13. For some British speculations on the nature of the ether see part IV below 

passim. Cf. Lorentz, Lectures on Theoretical Physics . Vol. I, pp. 1-74. * 

14. Lorentz, La Theorie electromagnetique de Maxwell . . . . p. 47. "I will 
call matter all that which can be the seat of electrical currents or elec- 
trical displacements of electromagnetic movement. The name ether will be 
applied to all else besides ponderable matter.” 

15. Ibid, p. 71 

16. Ibid, pp. 70-73 

ERIC 17 • lbid * PP* 6,163 ff . 
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